Background . No guidelines exist for the planning of aeromedical repatriation after acute myocardial infarction (AMI). In 2004, we employed a risk evaluation -based decision-making system for repatriation of patients after AMI. The objective was to evaluate the safety of transports during 2005 managed by this system. Methods . A total of 116 patients were transported according to the algorithm, 64 unescorted and 52 escorted. The decision-making system was based on the recommendations given by the European Society of Cardiology. Whenever possible, patients were evaluated by coronary angiogram or exercise electrocardiogram. Patients at high risk were treated locally if appropriate facilities were available or evacuated to the nearest heart center. Patients at low risk were allowed to fl y unescorted home if no other concomitant diseases needed the attention of a physician. The composite end point of death of any cause during transport or departure from the planned repatriation due to worsening of the condition was registered. Results . No patients reached the end point. Patients who were not risk evaluated more often needed escort ( p < 0.04). Escorted patients were older ( p < 0.001) and had more post-AMI complications ( p < 0.04). Conclusions . Patients can safely travel unescorted after AMI if their risk of ischemia is low as determined by risk stratifi cation examination prior to repatriation.
P eople traveling abroad have a similar or even greater risk of becoming ill compared to the risk they have at home. 1 Travelers suffer from essentially the same diseases abroad as they do at home. Accordingly, acute myocardial infarction (AMI) is an important disease both in terms of the number of patients affected while traveling and in terms of morbidity. Air transport of AMI and post-AMI patients confers special problems. The oxygen partial pressure drops from 150 mm Hg at sea level to 107 mm Hg at 8,000 feet, which corresponds to the cabin pressure in commercial fl ights at cruising altitude. The decreased oxygen pressure results in a lowering of the arterial blood oxygen saturation to 0.90 in healthy subjects, which is compensated for by an increase in tidal volume and a higher cardiac output caused by an increased heart rate. 2, 3 Limited oxygen delivery to the myocardium is central in the pathophysiology of AMI, and the decreased oxygen saturation during fl ight could aggravate the ischemia. The increased workload for the heart is known to lower the threshold of ischemic symptoms in patients with stable angina. 4 A decrease in saturation has also been shown to increase plasma catecholamines and the risk of supraventricular cardiac arrhythmias in patients with ischemic heart disease transported by air. 5 What the actual impact is of these physiological changes on post-AMI patients during fl ight is largely unknown because only few safety studies exist. 6 -9 How this should affect decision making on mode of home transportation for physicians responsible for patient transport is even less investigated. Current recommendations are from the pre-percutaneous coronary intervention (PCI) period and are based on theoretical considerations on the impact of fl ying on the post-AMI patients and tend to be quite simple (eg, that fl ying is not allowed for 2 wk after AMI). Risk stratifi cation has become an important tool in evaluating the need of therapy for patients with ischemic heart disease. 10 However, it is our experience that risk stratifi cation is not always employed by the local hospitals. We speculated that the use of a risk stratifi cation -based decision-making algorithm for planning the home transportation of post-AMI patients could allocate the need of costly medical escort to patients considered at risk and allow low-risk patients to travel safely without medical escort. The aim of our study was to evaluate the safety of this approach.
Methods
In 2004, a new risk evaluation -based decision-making algorithm for AMI patients was employed at Euro-Alarm A/S, a medical repatriation and assistance company located in Copenhagen. The algorithm is based on the European Society of Cardiology (ESC) guidelines for the management of AMI 10 ( Figure 1 ). The main priority is to obtain a comprehensive knowledge -as complete as possible -of the cardiovascular risk and to categorize patients as being at low risk or at high risk of having a new ischemic event. Patients considered at low risk were allowed to fl y back to their home country unescorted, and patients at intermediate risk were given medical escort, whereas high-risk patients were only transported by air if local treatment facilities were inadequate. The physicians handling the cases, however, always had the fi nal decision on the exact planning of the repatriation. Patients with positive stress tests were, when possible, referred to further examination locally and were risk evaluated again after treatment. All cases of AMI [ST-elevation myocardial infarction (STEMI) or non-STEMI] during 2005 were identifi ed in a database system containing patient data from all transports managed by Euro-Alarm A/S.
Euro-Alarm A/S handles cases for mainly North European travelers around the world. When the patient comes into contact with the local health care system, Euro-Alarm A/S is informed by the patient, cotravelers, or the hospital. Within the same day, a physician is assigned to the case and will contact the treating doctor to retrieve information about the current disease, assess the severity, estimate the required need of therapy, and, if possible, determine how and when the patient can be repatriated to his home country. In complex cases, repeated contacts may be needed. By the time the disease has stabilized, home transportation of the patient is planned. In a very few cases, the patient is evacuated to his or her home country prior to stabilization of the disease due to inability of treatment by the local health system (treatment failure). In other cases, patients are evacuated to better equipped hospitals within the region to stabilize the patient or complete treatment prior to repatriation. The assistance company organizes every element of the case handling including the repatriation of the patient.
The database contains the medical information of the patient relevant for evaluating the quality of treatment and to organize repatriation. The information is obtained by physicians and is often supplemented by written medical reports from the treating doctors. Each case of AMI was carefully read by two of the investigators (J. B. S. and H. N.) to confi rm the diagnosis and thus ensuring that all included cases had AMI. To avoid underdiagnosed cases of AMI, a broad search of the database was performed including cases of " angina pectoris, " " congestive heart failure, " and " arrhythmias. " All these cases were reviewed and no additional cases of AMI were found. Demographic data and parameters characterizing disease and disease severity were recorded. These data included the type of injury (STEMI or non-STEMI), preexisting disease, risk factors, treatment of the AMI [conservative, thrombolysis, PCI, or coronary artery bypass graft (CABG)], complications (postinfarction angina, arrhythmias, and heart failure of any cause), as well as data regarding mode of home transportation (time delay until repatriation, staff allocated to escort the patient, equipment allocated, vehicle allocated, and length of transportation). The outcome of the repatriation was evaluated by registering the composite end point of death of any cause during transport or premature interruption of the air transport caused by deterioration of the condition. These data were obtained from transport fi les made by escorting staff and by contact to carriers in those cases without escort personnel.
Data were analyzed with the SSPS program using nonparametric statistics. Chi-square tests were performed when frequency distribution data were compared in escorted versus unescorted patients. Median values were compared using the Mann -Whitney test. The investigation was approved by the Danish Agency for Data Protection. period. A total of 107 patients were admitted to hospitals within Europe, primarily from southern European countries, and 17 patients were admitted to hospitals in northern America and Asia. Of the 124 AMI patients evaluated by Euro-Alarm A/S, 116 were repatriated -3 patients died during the fi rst 3 days in hospital and 5 patients were expatriates living in the area. Patient characteristics of the 116 repatriated patients are listed in Table 1 . Significant concomitant diseases were registered in 25% of the patients, including chronic heart failure, chronic obstructive pulmonary disease, and diabetes mellitus.
Results

Patient Data
Injury and Treatment
Thirty-one STEMI patients were treated with thrombolysis and 46 with PCI. Three patients received CABG, and in 11 patients, only a coronary angiography (CAG) was performed. In patients with non-STEMI, 12 had a PCI performed, and 4 were operated with CABG. Six patients had a CAG performed with no further intervention. Forty-eight patients had complications. The most frequent complications were arrhythmias (13%), followed by congestive heart failure (8%) and postinfarction angina (7%). Eighteen percent of all cases had two or more of these complications. Median time between onset of symptoms and repatriation was 15 days (interquartile range: 9 -16 d) in all acute coronary syndrome (ACS) patients.
Risk Stratifi cation
Seventy-one (68%) of all AMI cases had an invasive procedure performed, whereas 22 (19%) had an exercise test performed. Ten (12%) of the STEMI patients and 13 (33%) patients with non-STEMI had no risk stratification test performed prior to repatriation ( p < 0.006). In all cases where exercise tests were found positive, additional invasive procedures were performed prior to repatriation.
Repatriation
Forty-fi ve (59%) patients with STEMI and 19 (48%) patients with non-STEMI were repatriated unescorted (statistically nonsignifi cant). Subsequent analysis of the data was done by dividing the AMI group into those who were escorted and those who were allowed to travel back on their own ( Table 2 ) . Not surprisingly, patients who were escorted had more complicating diseases and had more postinfarction complications than unescorted patients. Patients with postinfarction complications (primarily arrhythmias) were most likely to be escorted ( p < 0.007). The more well investigated the patients were, the less was the need of medical escort during repatriation. Thus, patients who had any kind of risk evaluation prior to repatriation, including negative exercise stress test and/or invasive procedures (CAG, PCI, and CABG), were less often escorted than patients without invasive procedures performed ( p < 0.04). We subsequently analyzed what factors determined the level of assistance given to the patients during repatriation. Of the 52 patients escorted home, 2 were escorted by a nurse only, 38 by a physician, and 12 by a team of a nurse and a doctor. Twelve of the escorted patients were transported on a stretcher and the rest on either economy or business class seats. Eleven patients were transported home by air ambulance. Patients transported by air ambulance were unstable or were evacuated from places where appropriate therapy was not available. Postinfarction complications were important for the planning of the quality of escort needed ( Figure 2 ) . The more complications patients had, the more extensive was the escort team and equipment ( p < 0.04). Apart from complications and risk stratifi cation, age was found to be an important factor determining the need of escort. Patients who were escorted were older than unescorted patients ( p < 0.001). In general, patients with non-STEMI were repatriated later than patients with STEMI (16 vs 12 d after their injury, respectively) ( p < 0.04).
Doctors escorting patients on commercial fl ights were equipped with a box of medicine for cardiopulmonary emergency treatment and a basic medical bag in 5 cases. This equipment was supplemented with an additional Propaq monitoring system in 5 cases. In 23 cases, the equipment included a box of medicine for cardiopulmonary emergency treatment, a basic medical bag, a Propaq monitoring system, and a defi brillator. In 12 cases, doctors escorting patients had the equipment of a fully equipped air ambulance. Oxygen was given in 43 cases.
Complications During Transport
The composite end point of death during repatriation or premature ending of the repatriation was not achieved in any case (0 of 116; 95% confi dence intervals: 0% -3%).
Discussion
Safety of air transport of patients after myocardial infarction is of special concern to the patients, the carriers, and the medical assistance companies. We now report a safety study based on the use of a risk evaluation algorithm for repatriation of patients after AMI. The algorithm is based on contemporary guidelines for treatment of patients with ACS. The main aim of our study was to investigate if we were able to allocate medical escort to patients considered at risk and to allow low-risk patients to be safely repatriated unescorted. No patients reached the composite end point of death during repatriation or premature interruption of the repatriation due to deterioration of their condition regardless of repatriation mode. The results support that patients allocated to the low-risk group can be repatriated unescorted on commercial fl ights. The risk of events during repatriation is similar to the risk found in other studies, although only few reports exist. 6 -9 In a study from 2002, 38 patients were randomized to either oxygen therapy or no oxygen therapy during fl ight, and the risk of fl ying was evaluated by Holter monitoring and clinical evaluation of an escorting physician. 7 Asymptomatic myocardial ischemia was registered in one patient and chest pain in two patients. In a larger retrospective study from 1996, 196 patients were repatriated after AMI. 9 The risk of cardiac symptoms was low (5%); the symptoms registered were not considered serious and not related to the number of days after the AMI, and it was concluded that repatriation could be performed safely with escort by a physician 2 to 3 weeks after AMI. None of these studies provided insight to the role of AMI disease course and need of escort or the role of prior risk evaluation. In a recent study, with a patient population comparable to the one in this study, 213 transports were evaluated to determine the role of time after the AMI on the outcome of the repatriation. 8 All patients were escorted by a physician. No serious events occurred, but 31 patients had hypoxia during fl ight and 3 patients experienced angina, and it was concluded that AMI patients can safely be repatriated less than 2 weeks after AMI when escorted by a physician. The present study is the fi rst to investigate the safety of unescorted repatriation after AMI based on a rigid risk evaluation decision-making algorithm. The study emphasizes the need of thorough investigation and risk evaluation including exercise stress test or CAG prior to repatriation because patients in whom risk stratifi cation was not performed more often were allocated to escorted repatriation. Many of these patients could probably have been safely repatriated unescorted. At the same time, the study identifi es patients who need escort to be patients with post-AMI complications, comorbidity, and older patients. The key element in the algorithm employed is that patients with coronary heart disease need to be exercise stress tested prior to the decision of repatriation, and those patients with high risk of ischemic heart disease based on ESC guidelines are referred to further investigation locally when possible. This often requires a more active role of the physician responsible for the case handling in the assistance company in requesting and interpreting risk evaluation tests. The benefi t from this rigorous risk stratifi cation is that patients who can safely be repatriated unescorted can be identifi ed. The present study does not address the timing of repatriation after AMI. Until this has been investigated, it is suggested that patients who have not been fully revascularized by PCI can be repatriated 14 days after the AMI, according to current guidelines.
In conclusion, it is recommended that AMI patients are handled and repatriated according to a risk stratifi cation algorithm and that patients at low risk can safely be repatriated unescorted.
